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Abstract 23 
Small-scale keepers are less likely to engage with production organisations and may 24 
therefore be less aware of legislation, rules and biosecurity practices which are implemented 25 
in the livestock sector. Their role in the transmission of endemic and exotic diseases is not 26 
well studied, but is believed to be important. The authors use small-scale pig keepers in 27 
Scotland as an example of how important small-scale livestock keepers might be for national 28 
biosecurity. In Scotland more than two thirds of pig producers report that they keep less than 29 
10 pigs, meaning that biosecurity practices and pig health status on a substantial number of 30 
holdings are largely unknown; it is considered important to fill this knowledge gap. A 31 
questionnaire was designed and implemented in order to gather some of this information. 32 
The questionnaire comprised a total of 37 questions divided into seven sections (location of 33 
the enterprise, interest in pigs, details about the pig enterprise, marketing of pigs, transport 34 
of pigs, pig husbandry, and pig health/biosecurity). Over 610 questionnaires were sent 35 
through the post and the questionnaire was also available online. The questionnaire was 36 
implemented from June to October 2013 and 135 questionnaires were returned by target 37 
respondents. The responses for each question are discussed in detail in this paper. Overall, 38 
our results suggest that the level of disease identified by small-scale pig keepers is low but 39 
the majority of the small-scale pig keepers are mixed farms, with associated increased risk 40 
for disease transmission between species. Almost all respondents implemented at least one 41 
biosecurity measure, although the measures taken were not comprehensive in the majority 42 
of cases. Overall as interaction between small-scale keepers and commercial producers 43 
exists in Scotland the former can pose a risk for commercial production.  This investigation 44 
fills gaps in knowledge which will allow industry stakeholders and policy makers to adapt 45 
their current disease programmes and contingency plans to the reality of small-scale pig-46 
keeping enterprises’ health and biosecurity status.  We predict that some conclusions from 47 
this work will be relevant to countries with similar pig production systems and importantly 48 
some of these findings will relate to small-scale producers in other livestock sectors. 49 
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 52 
Introduction 53 
Although the livestock industry and its officials do not always recognise the important role of 54 
small-scale producers, it is acknowledged that such producers should be considered part of 55 
the livestock industry as a whole. There is potential for health and disease management 56 
practices adopted by small-scale producers to pose a threat to the livestock industry; in an 57 
extreme situation – e.g. outbreak of exotic disease – the sustainability of the industry could 58 
be at risk. The importance of small-scale producers will vary in terms of productivity and 59 
scale between countries (i.e. for some countries they will be the majority of the producers 60 
while for others their contribution to overall production is marginal). However, with regard to 61 
the introduction and spread of an exotic or endemic animal disease, small-scale producers 62 
are considered by livestock officials and regulators to be a high-risk sector (Limon et al, 63 
2014; Schembri et al, 2015; Tornimbene et al, 2014). Further information on the 64 
characteristics of this type of production and the biosecurity protocols adopted is therefore of 65 
value to several sectors: for regulators to adapt their contingency plans in case of exotic 66 
diseases, for livestock officials to adapt their control programmes for endemic diseases and 67 
for academics to include this information into models and their research activities. Due to the 68 
integrated nature of pig production we have focused on small-scale pig production in 69 
Scotland as an example of how important small-scale keepers can be. 70 
Backyard pigs have been identified as playing a role in the epidemiology of African swine 71 
fever (ASF) in the Russian Federation (FAO, 2013) and classical swine fever (CSF) in 72 
Bulgaria (Alexandrov et al, 2011); it would be prudent to assume that similar management 73 
systems would have similar levels of importance in terms of sustaining or spreading some 74 
endemic or exotic diseases. Backyard and small-scale pig producers are often considered to 75 
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pose a threat to the commercial pig sector. There are a number of potential reasons why this 76 
may be the case. Firstly, in contrast with the commercial sector where many producers 77 
belong to assurance schemes, small scale producers are generally not engaged with 78 
production organisations and are unlikely to be professional producers. This may have 79 
implications in terms of levels of knowledge and awareness of legislation and statutory 80 
requirements.  In the absence of quality assurance criteria, small-scale producers may also 81 
have less impetus to implement good biosecurity and management practices (Laanen et al, 82 
2013; Ribbens et al. 2008). Biosecurity is defined as “the implementation of measures that 83 
reduce the risk of the introduction and spread of disease agents; it requires the adoption of a 84 
set of attitudes and behaviours by people to reduce the risk in all activities involving 85 
domestic, captive/exotic and wild animals and their products” (FAO, 2010). Small scale 86 
producers are likely to differ from commercial producers in implementation of both external 87 
biosecurity (the prevention of pathogens entering a herd) and internal biosecurity (reducing 88 
the spread of pathogens within a herd (Laanen et al., 2013; Lambert et al., 2012, Gunn et 89 
al., 2008)). Secondly, whilst low biosecurity may result from lack of awareness or knowledge, 90 
it is also influenced by production type; in outdoor systems, for example, the potential for 91 
wildlife contact is one factor contributing to lower biosecurity (Bailey et al. 2013; Ribbens el 92 
al. 2008). Thirdly, small-scale pig producers frequently keep other livestock species as well 93 
as pigs, with up to 80% of pig herds having cattle or sheep also present on the same 94 
property (Porphyre et al, 2014). Mixed farms have more animal contacts than single species 95 
farms and therefore pose an increased risk for disease transmission (Nigsh et al, 2013).   96 
Despite these potential risks, knowledge of the management practices and production 97 
systems associated with these producers is not well studied and backyard and small-scale 98 
pig producers represent an important knowledge gap in management of the pig sector.   99 
Only through attempts to improve our knowledge of the approach to biosecurity taken by all 100 
pig-keepers in this sector can estimates of any potential risk they may or may not pose be 101 
refined. There have been a number of studies on small scale pig production outside Europe, 102 
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for example in Madagascar, Vietnam, Philippines and Cambodia (Alawneh et al, 2014; 103 
Costard et al, 2009; Roessler et al, 2009; Tornimbene et al, 2014). Such studies are not 104 
directly comparable to the UK situation however, as small-scale pig producers are 105 
responsible for 70%-80% of total pig production in those countries (Alawneh et al, 2014; 106 
Roessler et al, 2009). Although small-scale pig production in Scotland and Europe has not 107 
been well characterised, it is likely to differ significantly from this scenario. Due to lack of 108 
information, small-scale production systems are often left out of disease models. This could 109 
be a significant omission, making it difficult to assess the importance of these systems with 110 
regard to disease transmission and control; it must, therefore, be a focus for future work. A 111 
recent study tried to assess this gap in knowledge for England (Gillespie et al, 2015). 112 
Further information on small-scale producers may help to target knowledge transfer and 113 
management practices appropriately to reduce the risk that these producers could pose to 114 
animal health at a national level and to increase the likelihood of compliance with disease 115 
control or surveillance activities. Knowledge of potentially vulnerable areas in this production 116 
system and the identification and characterisation of different profiles of management and 117 
biosecurity practices will assist the development of tailored recommendations for pig 118 
producers and will also allow a better focus for disease control and surveillance activities 119 
(Alawneh et al., 2014; Costard et al., 2009).  120 
The Scottish swine sector comprises over 318,000 pigs in total of which almost 31 thousand 121 
are breeding females (Defra, 2016; RESAS, 2016) but accounts for 6.7% of the UK pig herd 122 
(Defra, 2016). The industry contributes about 3% of the Scottish Agricultural Output 123 
(approximately £85 million) (RESAS, 2016). In addition to commercial producers, Scotland 124 
has a number of small-scale pig producers. This sector of the industry represents a small 125 
proportion of the swine industry in terms of the numbers of animals reared (Porphyre et al, 126 
2014), but a substantial proportion in terms of the numbers of producers involved: around 127 
72% of the producers with fattening pigs in Scotland report that they keep less than 10 pigs 128 
(RESAS, 2016).  129 
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The objective of this study was to explore the role of small-scale livestock keepers for 130 
national biosecurity using small-scale pig keepers as an example. For this the small-scale 131 
pig production in Scotland was characterised according to motivation, management and also 132 
biosecurity, with a focus on the potential risk the latter could pose to the pig industry on a 133 
larger scale. 134 
 135 
Material and methods  136 
Target population 137 
The target population for this cross-sectional survey was small-scale pig keepers in 138 
Scotland, i.e. those involved in pig-keeping without a major commercial component. The 139 
chosen definition of small-scale pig keepers was those producers owning less than 50 140 
finishing pigs (pigs over 12 weeks old kept for meat production) or less than 15 adult pigs 141 
(over one year old) or having finished less than 100 pigs during 2012.  According to UK law, 142 
pig keepers are required to register the location at which pigs are kept with the local Rural 143 
Payments and Inspections Directorate Office. The sampling frame for the survey was a list of 144 
registered pig keepers in Scotland in 2011, obtained from Animal and Plant Health Agency, 145 
APHA (formerly Animal Health Veterinary Laboratories Agency). This list was cross-checked 146 
with a list of quality assured pig keepers obtained from Quality Meat Scotland (QMS). Any 147 
producers that appeared on both lists were removed from the sampling frame, on the 148 
assumption that quality assured producers registered with QMS were more likely to be 149 
involved in pig production at a commercial level.  Name, address and county/parish/holding 150 
(CPH) number were available for all producers. Holdings which were not located in Scotland 151 
were also removed from the list. In total around 5% of holdings were removed from the 152 
original list. 153 
Sample size calculation 154 
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The survey was conducted via a postal questionnaire that was also made available online.  155 
Calculation of the required sample size dictated the number of postal questionnaires sent, 156 
while the online survey was considered an additional tool to help maximise response rate.  157 
Assuming, given the lack of knowledge of the sample population, that 50% of respondents 158 
answer as yes or no in the case of yes/no questions, and with a desired confidence level of 159 
95% and an error of ± 6.0%, the sample size was calculated to be 244 when adjusted for the 160 
total population size of 2799 small-scale pig keepers registered with APHA in Scotland (this 161 
figure does not contain the quality assured producers). The response rate for mailed 162 
questionnaires tends to be low (around 50%) but highly variable (from as low as 10% to as 163 
high as 70%) (Thrusfield, 2005). In this study we assumed a 40% response rate which gave 164 
a final sample size of 610. The final sample was chosen via random number selection in R 165 
(version 3.0.1, available from www.r-project.org).   166 
Postal questionnaire and online survey 167 
The questionnaire was piloted on 17 pig-keepers selected from the total survey sampling 168 
frame and from colleagues keeping pigs. All pilot questionnaires were sent by post and 169 
included a covering letter to explain the purpose of the survey, which also detailed the online 170 
location of the survey, if that response method was preferred.  Those pig-keepers involved in 171 
the pilot were removed from the sampling frame for the survey proper. There were three 172 
respondents to the pilot survey, a fourth person made contact to explain that they no longer 173 
kept pigs and two further questionnaires were returned in the post as the addressee was no 174 
longer at that address.  Following the pilot, the questionnaire was adapted to improve clarity. 175 
The final questionnaire comprised a total of 37 questions divided into seven sections 176 
(location of the enterprise, interest in pigs, details about the pig enterprise, marketing of pigs, 177 
transport of pigs, pig husbandry, and pig health/biosecurity); the questions were aggregated 178 
in these sections to provide answers related to exotic disease contingency planning (e.g. 179 
Where are the producers? What is their biosecurity level?), and for endemic disease 180 
programmes (e.g. Which are the important pig health issues for these producers? From 181 
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whom and to whom do they buy and sell their pigs? What approach to biosecurity do they 182 
take?). A combination of open and closed questions was used.  For some questions, 183 
respondents were asked to choose only the most applicable answer, while for others they 184 
could select all options that applied to them (see Table 1 for the list of questions and options 185 
available). All questions incorporating “other” as a potential response offered the opportunity 186 
for the respondent to elaborate.  For the sections dealing with sale and transport of pigs, the 187 
initial question established whether or not the section was relevant to the respondent and the 188 
remainder of the section could be ignored as appropriate.  Questionnaires were posted with 189 
a covering letter and return envelope enclosed.  The letter explained the purpose of the 190 
survey and included both a uniform resource locator (URL) and a printed quick response 191 
(QR) code, leading to the online version of the survey. This was designed to offer an 192 
alternative mean of response to those who received the postal version, in order to maximise 193 
response rate.  The online survey was opened concurrently with posting of the paper 194 
questionnaires – at the end of June, 2013.  Reminder letters were sent two months after the 195 
initial questionnaire. The end date for the postal responses was the end of September, 2013, 196 
and the online survey was closed on October 18th.  Copies of the final questionnaire and 197 
cover letter are available upon request to the corresponding author. 198 
Additional efforts were made to maximise response rate.  Contact was made with several 199 
websites relating to smallholdings and small-scale pig-keeping. Two of these – 200 
www.accidentalsmallholder.net and www.fifesmallholder.co.uk – agreed to place a link to the 201 
online survey on their website, together with a brief description of the study.  A similar 202 
paragraph detailing the study aims and the survey link was included in the SAC Consulting 203 
Farm Business News issue for June 2013 and the same paragraph, together with the survey 204 
link and QR code, was printed on leaflets and taken to the Royal Highland Show at the end 205 
of June 2013 and to the Dumfries Agricultural show in early August 2013.  Contact was also 206 
made with the Scottish representative of the British Pig Association (BPA), who forwarded 207 
the survey link to pig-keepers for whom the BPA had access to an email address. 208 
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Statistical analysis 209 
Descriptive statistics were generated for all the variables in the dataset. The results were 210 
summarised by question using counts and percentages for categorical variables and a 211 
summary of descriptive measures (e.g. mean, median) for quantitative variables. The 212 
denominator for the descriptive statistics presented below varied according to the numbers 213 
of respondents to each question. The denominator for questions concerning sale and 214 
transport of pigs was the number of respondents who had initially indicated that they did sell 215 
or transport pigs. For the questions which the respondents could choose more than one 216 
answer the denominator was kept as the number of respondents to the question, therefore, 217 
the percentages do not sum to 100%. Chi-squared test or Fisher test (when the assumptions 218 
for chi-squared test were not fulfilled) was used to test if there was any statistically significant 219 
difference between variables (such as for the proportion of questionnaires received from the 220 
different Scottish postcode areas in relation to what was sent, and the knowledge of 221 
biosecurity versus the implementation of biosecurity practices). 222 
 223 
Results 224 
Survey response 225 
A total of 145 pig owners responded to the questionnaire (24 online and 121 by post). Ten of 226 
these (6.7%) were excluded from the study as they did not meet the criteria for a small-scale 227 
producer, leaving 135 respondents to be included in further analyses.  228 
Analysis of non-respondents 229 
Around 4% of the questionnaires sent were returned either because the address was 230 
incorrect or because the person in question no longer lived there. Others (5.4%) contacted 231 
the research team (telephone contacts were given in the covering letter) to advise that they 232 
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no longer keep pigs. If these cases were excluded the questionnaire response rate was 233 
25.2%. 234 
Out of the completed questionnaires, the overall non-response rate per question ranged 235 
from 0.0-12.6% for the majority of the questions (summarised in Table 1). Only two 236 
questions had a higher non-response rate: the county-parish-holding (CPH) code (47%) and 237 
the reasons as to why the respondent did or didn’t feel part of the British pig industry (48%).  238 
Representativeness 239 
The respondents represented all 16 different Scottish postcode areas. No statistically 240 
significant difference was observed between the proportion of questionnaires received from 241 
the different Scottish postcode areas in relation to what was sent (p=0.165). 242 
Respondents 243 
Most of the respondents (75.6%) described their location as isolated rural areas or rural 244 
villages (20.7%) and kept their pigs at home (91.9%). Only 4.7% of respondents were 245 
relatively new to pig-keeping, having kept pigs for less than two years; the median length of 246 
time for keeping pigs was 5 years.  Figure 1 shows the respondents’ motivation for keeping 247 
pigs. The main reason was to obtain quality pork from a known source. The majority 248 
consider that they have a medium level of knowledge about biosecurity (53.3%), legislation 249 
(58.5%), pig health (69.6%) and pig nutrition (69.6%), while 30.4%, 26.6%, 20.7% and 250 
22.2% consider their knowledge in these areas to be high, respectively. 251 
 252 
Figure 1: Respondents’ motivation for keeping pigs (percentage of responses per reason). 253 
 254 
Pig enterprise 255 
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The predominant breeds were Gloucester Old Spot (32.6%), Tamworth (31.9%) and 256 
Saddleback (29.6%). Respondents were asked to indicate how they would classify their 257 
enterprise, through selecting one or more of ten options.  Of these options, the keeping of 258 
backyard pigs for home consumption was most popular, being chosen by around 57% of 259 
respondents.  Pets, finishers from 10-12 weeks and breeder-finisher were the next most 260 
common, at 23%, 22% and 20.7%, respectively.  By comparison, gilts units (2.2%) and 261 
nursery units (1.5%) were least commonly selected. Over 52% of the respondents had at 262 
least one adult pig (more than one year old) reported on the 1st of June 2013, with a median 263 
of two adult pigs per farm; 17.4% of the respondents had young pigs (from four to 12 weeks 264 
old) with a median of seven young pigs per farm; over 39% of the respondents had finishing 265 
pigs (aged over 12 weeks and for finishing) with a median of 4.5 finishing pigs per farm on 266 
June 1st 2013. The median number of finished pigs in 2012 was four. Table 2 describes in 267 
detail the size of the pig enterprises. More than half of the respondents (56.1%) only kept 268 
pigs for part of the year. The respondents who kept pigs all year round were more likely to 269 
keep adult pigs (p<0.001) than the ones who kept pigs for part of the year and were more 270 
likely to classify their enterprise as pets or breeder-finisher (p=0.012 and p<0.001 271 
respectively). 272 
Respondents source their young pigs and gilts or sows mainly from commercial breeders or 273 
producers. For those who identified themselves as backyard producers it was more common 274 
to borrow a boar for breeding, while for those who identified themselves as having a 275 
commercial aim it was more common to source boars from breeders or producers, use 276 
artificial insemination or rear their own boar. Around 6% of the respondents reported using 277 
artificial insemination while almost 15% reported borrowing a boar for breeding. 278 
On average the respondents (the owners of the farm) spent 8.6h per week on pig-keeping 279 
activities; just under a third of respondents (32.6%) have a second person working in the 280 
enterprise apart from themselves.  281 
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Around 91% of respondents kept at least one other species; 22.2% kept two additional 282 
species and 21.5% kept three species other than pigs. Table 3 shows the percentage of 283 
respondents with other livestock animals and the numbers of animals kept. The information 284 
provided in this section demonstrates the tendency for mixed enterprise among small-scale 285 
livestock keepers.  286 
The majority of respondents (88.5%) felt that they were not part of the British pig industry; 287 
their reasons were due to their enterprises being small in size and focused on production for 288 
home consumption. 289 
Selling and transporting of pigs 290 
Over half of respondents sold their pigs (around 53%), the majority by word of mouth 291 
(78.3%). Local markets and butchers were also a common way for marketing pigs (16.7% 292 
each) and internet advertising was used by 11.7% of respondents. More than one third of 293 
respondents experienced problems when selling their pigs; the most common of these were 294 
difficulty finding buyers, the poor price of pork, the extensive legislation to fulfil and the 295 
distance to an abattoir. 296 
Most respondents (83.2%) transported their pigs at least once, mainly to the abattoir 297 
(52.3%), to the abattoir and to purchase pigs (22.9%), and to the abattoir and for sale 298 
(5.5%). Only 2.9% of the respondents said that they had transported their pigs to shows and 299 
markets. The median distance pigs were transported was 34.1 miles and the furthest 300 
distance travelled was 300 miles. The respondents’ own vehicle was the most common 301 
means of transport (82.6%), while 11.9% said that they have used haulier companies for 302 
transporting their pigs. Ear tags were the most common means of identification of pigs for 303 
transport (51.4%), followed by slap mark (11%). Around 41% of the respondents said that 304 
identification of pigs was not necessary for the category of pig they transported (in the UK it 305 
is not compulsory to identify pigs younger than one year old). Only 2.8% reported that they 306 
did not identify their pigs for transport.  307 
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Pig husbandry 308 
The majority of the pigs, regardless of age, were kept outdoors (e.g. 86.6% of finishing pigs, 309 
91.7% of adult breeding pigs) and straw was the preferred bedding material used. The 310 
majority of respondents fed pigs on pellets (75.9%), but other feed types also included 311 
garden scraps and dry meal. The feed was mainly sourced from specialised shops or 312 
suppliers (91.5%); feed from the respondents’ own land and garden was sometimes supplied 313 
to pigs, though none of the respondents reported that they fed pigs on kitchen scraps. The 314 
drinking water came from mains (58.5%) followed by well (18.5%) and other natural sources 315 
(15.4%). Pig waste was composted (20.7%) or composted for being put on fields (37.2%) 316 
and 28.1% of respondents said that the waste was left on fields and they would rotate the 317 
pasture as a management procedure. 318 
Health and biosecurity 319 
Almost half of respondents (49.2%) considered their veterinarian as their first port of call for 320 
pig health advice; the internet was the second most popular source of information (23.1%). 321 
Most of the respondents had never seen the following health problems in their pigs: 322 
respiratory (80.9%), digestive (80.9%) or reproductive (82.5%) issues. Locomotor complaints 323 
were the most reported health problems (36.6%). A large majority (87%) of respondents 324 
reported that a veterinarian visited their pigs less than once a year or never. With regard to 325 
pig health management, over half of respondents (54.2%) reported routinely administering 326 
anthelmintics, with a much smaller proportion reporting giving routine mange treatment 327 
(20%) or vaccination (7%).  The vaccines used were for porcine respiratory and reproductive 328 
syndrome, parvovirus, erysipelas and circovirus (porcine circovirus 2). Around 55% of the 329 
respondents said that they never had any dead pigs on farm, while 33.8% of the total 330 
respondents reported that they would use the fallen stock collector if they needed to dispose 331 
of a dead pig. Four percent of all respondents said that they would bury dead pigs. 332 
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The respondents were asked to indicate which biosecurity measures they adopted out of a 333 
total of 15 options. Table 4 lists these measures and their uptake; the median number 334 
adopted was seven; but only 4.4% implemented all the practices included in the 335 
questionnaire and around 8% of the farms reported not implementing any of the biosecurity 336 
practices included in the questionnaire. Those respondents who isolate new stock (38% of 337 
the respondents) do so for a median of four weeks and around 42% of those have adult 338 
animals. 339 
A significant statistical association was found for three particular biosecurity practices in 340 
relation to the respondent’s reported knowledge of biosecurity: 341 
i. cleaning and disinfection of vehicles before entry to the premises (p=0.03)  342 
ii. disinfection of clothes and footwear after visiting other farms/areas with animal 343 
(p=0.04)  344 
iii. use of boot dips/baths at entry to animal areas (p<0.001). 345 
Reassuringly, the group reporting a high knowledge level of biosecurity reported a higher 346 
implementation of these biosecurity practices. 347 
 Respondents were asked about sightings of other domestic and wild animals in or near their 348 
pigs’ environment to assess the potential for animal contacts.  The majority of respondents 349 
(Figure 2) had never seen neighbours’ pigs, neighbours’ livestock, foxes, deer, badgers or 350 
wild boar in the area where they keep their pigs; birds, cats and dogs were most commonly 351 
seen. Birds (83.8%), deer (16.9%), foxes (15.6%) and badgers (7.7%) were seen by the 352 
respondents near pigs every day, week or month. 353 
 354 
Figure 2: Frequency of sightings by respondents of other domestic and wild animals in or 355 
near their pigs’ environment. 356 
 357 
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Around 1% of the respondents reported having seen wild boar or feral pigs near their farm 358 
and 6.2% were aware of these animals in their area. 359 
 360 
Discussion 361 
The objective of this paper was to explore the role of small-scale livestock keepers for 362 
national biosecurity using small-scale pig keepers as an example. The motivation, 363 
management and also biosecurity of small-scale pig keepers were characterised, with a 364 
focus on the potential risk the latter could pose to the pig industry on a larger scale.  365 
The list of pig keepers used for the sampling frame was reasonably accurate and proved to 366 
be useful, although the details of around 10% of people contacted for the survey were 367 
incorrect (wrong address or no longer kept pigs). A more regular update of this list would be 368 
useful for future epidemiological studies and in case of implementation of contingency plans 369 
for exotic diseases. Pig keepers are required to inform the relevant authority when they 370 
cease pig-keeping activities, it would be beneficial to encourage this practice. 371 
The response rate to this questionnaire was 25.2%, which was lower than the estimated 372 
response rate used for the sample size (40%). This could influence the results derived by the 373 
questionnaire, as the high percentage of non-response could be a source of selection bias. 374 
No statistically significant difference was observed in the proportion of completed 375 
questionnaires received from the different Scottish postcode areas in relation to what was 376 
originally sent, which should reduce the risk of bias in terms of respondent location. This 377 
gave the authors some confidence to assume that these results can be extrapolated to 378 
Scotland as a whole. This was a self-administered questionnaire, which can decrease the 379 
response rate when the questionnaire subject is not interesting enough to the respondents; 380 
however, the overall non-response rate per question was low. 381 
The questionnaire aimed to target small-scale pig keepers and it was evident from the 382 
number of pigs kept by the respondents (median of two adult pigs and four finishing pigs) 383 
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that this was achieved. Similar numbers were reported by Gillespie et al. (2015) for England. 384 
This was also reinforced by the majority of respondents indicating that quality of pork and 385 
self-sufficiency were their main motivation for keeping pigs. The typical small-scale 386 
production system involves outdoor backyard production, mainly of finishing pigs. Pigs are 387 
kept at or near home, mainly in rural locations, generally for part of the year only and 388 
producers have experience of pig-keeping over a number of years. The probability of being a 389 
whole year pig keeper is associated with the type of production system (i.e. breeder-finisher, 390 
pets) and age of the animals kept (adult pigs). Feed is mainly pellets from specialised shops; 391 
the use of garden scraps from own land also occurs, though it is encouraging that no 392 
respondents report that they feed kitchen scraps to their pigs (since this is not permitted in 393 
the UK as has been associated with introduction of exotic diseases (Alexandersen et al, 394 
2003; Gogin et al, 2013)). This was in contrast to an English study in which 23.9% of the 395 
respondents to a questionnaire reported feeding household scraps (Gillespie et al, 2015). 396 
The Scottish Agricultural Census (Scottish Agricultural June 2015 census) described the 397 
small-scale pig-keeper population as consisting of mixed enterprises; this was borne out by 398 
the results of this survey, with a large proportion of respondents having other livestock 399 
(mainly poultry, sheep and cattle). Similar results were found for England (Gillespie et al, 400 
2015). The literature suggests that mixed farms have more animal contacts than single 401 
species farms and therefore pose an increased risk for disease transmission (Nigsh et al, 402 
2013), which highlights the importance of external biosecurity as a risk mitigation measure 403 
on such premises. In this survey there was particularly low uptake of several protective 404 
strategies: for one measure this is perhaps unsurprising, as feed treatment may be expected 405 
to occur more usually in the commercial setting; however, relatively straightforward 406 
strategies such as boot dips, insect control and cleaning and disinfection of vehicles were 407 
each adopted by less than 70% of respondents.  In terms of the risk small-scale pig 408 
production could pose to commercial herds and bearing in mind that over 80% of 409 
respondents said that they do transport pigs, this could be important. It may be the case that 410 
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producers on this small scale do not always consider that they need to adopt biosecurity 411 
measures; they may associate these more so with commercial industry-linked production, to 412 
which, as shown in the survey, they do not feel they belong.  413 
There was a tendency for those respondents who considered themselves as having a high 414 
level of knowledge in the areas of interest to this survey to have a higher median number of 415 
cattle and sheep, compared to respondents classifying their knowledge as low to medium.   416 
It is possible that this knowledge may have been gained through the requirement to abide by 417 
legislation and regulations pertaining to these other species, or simply that those keeping 418 
other livestock assumed that similar practices would also apply to pigs. It might be expected 419 
that self-classified “high” knowledge of biosecurity should result in greater implementation of 420 
protective measures, but this was not clearly demonstrated to be the case; only three 421 
specific practices – relating to cleaning, disinfection and boot dips – were significantly 422 
associated with a high level of respondent knowledge. For the other biosecurity measures no 423 
statistical difference was observed between the groups based on their biosecurity 424 
knowledge, suggesting either an inaccurate assessment of their own knowledge (“they don’t 425 
know what they don’t know”), or that some respondents choose not to implement these 426 
measures, despite being aware of their value. This may again relate to a feeling of 427 
disconnection from industry requirements. We must, however, acknowledge that 428 
respondents may have implemented other measures not included on the list provided. This 429 
sort of behaviour is likely to be the same for other smallholders. 430 
The contact of domestic pigs with wild boars or feral pigs has been associated with 431 
outbreaks of African swine fever in Eastern Europe (FAO, 2013). Although the wild boar 432 
population is low in Scotland (Campbell and Hartley, 2010), 1% of people reported seeing 433 
wild boar near their farm and 6% knew about wild boar sightings in their area. Respondents 434 
did, however, report frequent contact of their pigs with birds, cats and dogs; this increases 435 
the probability of transmission of diseases which are common to these species, for example 436 
Salmonella and toxoplasmosis. 437 
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Correct disposal of dead stock and waste are very important management practices which 438 
can limit the spread of contaminated biological material through the environment. The 439 
majority of the respondents had never had a dead pig on farm, which is in accordance with 440 
the high proportion reporting no health problems on farm, while one third reported using 441 
dead-stock collection systems. The use of this facility was associated with having other 442 
livestock (i.e. cattle or sheep) on farm. The respondents who reported that they bury dead 443 
pigs evaluated themselves as having a medium knowledge of legislation, although this 444 
practice is considered illegal in the UK (Anonymous, 2013).  445 
The majority of the small-scale pig keepers transport their pigs, using their own vehicles and 446 
mainly to slaughter. Considerable distances can be covered (the maximum was 300miles), 447 
but on average they transport their pigs 34.1miles. These distances can be justified by the 448 
geographical locations of the abattoirs in Scotland, which sometimes requires long distances 449 
to be travelled. Similar results were found in a study in Scotland using movement data 450 
(Porphyre et al, 2014) where the percentage of use of haulage companies by small-scale 451 
producers was low and similar distances were travelled to slaughter. 452 
The small-scale pig keepers source their pigs mainly from breeders or producers, while they 453 
mainly borrow boars for breeding. The use of markets and fairs to source their pigs is 454 
uncommon. The preference for breeders/producers over fairs could suggest that most small-455 
scale producers have a particular type of pig in mind when they purchase, so they go to a 456 
source from which they know this type of pig will be available. However, as the majority do 457 
not clean and disinfect their vehicle before or after moving pigs, this practice could clearly 458 
pose a risk for disease transmission. This is also true for the use of borrowed breeding 459 
boars, which represent a further potential route for movement of disease between premises. 460 
The majority of the producers, although reporting they produce for own-consumption, also 461 
report that they sell their pigs. For that they use mainly word of mouth, but local butchers and 462 
farmers markets also play a role. These marketing methods show that the pigs are being 463 
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sold locally, to friends and neighbours. It was interesting that 53% reported that they sell 464 
their pigs, but only 25% of all respondents indicated in section 1 of the questionnaire that 465 
pig-keeping activities contributes to their income in either a significant or slight way. This 466 
might suggest that their level of activity in selling pigs or pig products is residual for their 467 
income.  468 
One aspect of commercial and certainly quality assured pig production that promotes early 469 
recognition of disease issues is the requirement for attendant veterinarians to visit on a 470 
reasonably regular basis.  Veterinarians can have a main role in detecting disease as soon 471 
as it happens in the farms and in this way mitigate disease spread. Although almost half of 472 
respondents to this survey indicated that the vet would be their first port of call for advice on 473 
pig health (similar to what was described for England (Gillespie et al, 2015)), over 80% of all 474 
respondents also report that their pigs are seen by a vet less than once a year. This offers 475 
clear opportunity for mild disease signs to go unnoticed, which could have potential 476 
repercussions for disease spread, particularly if the pigs were being sold or transported 477 
around that time. The answers given in this survey demonstrate that, although there is an 478 
overall focus on home consumption and backyard pig-keeping, a substantial proportion of 479 
small-scale producers are involved in transportation and selling activities with their pigs, 480 
which is likely to increase the risk – even if only to a small degree – of pathogen 481 
transmission to larger pig populations.  This interaction with commercial producers was also 482 
recently highlighted in a recent study in Scotland (Porphyre et al, 2014), in England (Guinat 483 
et al, 2016) and in other European countries (Relun et al, 2016). Furthermore, that study 484 
(Porphyre et al, 2014) highlights the risk that incursions of exotic disease in small producers 485 
may remain undetected for significant periods of time due to less regular visits by 486 
veterinarians and lower standards of biosecurity. 487 
 488 
Conclusion 489 
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Our results suggest that the majority of small-scale pig keepers have mixed farms, the 490 
uptake of biosecurity measures was highly variable, they transport their pig within 491 
considerable distances using their own vehicles, they feel disconnected from the pig industry 492 
and rarely will a veterinarian see their pigs; all these are contributing factors for a increased 493 
risk for disease introduction and spread within this population. Furthermore because, in 494 
Scotland, interaction between small-scale pig keepers and commercial producers in terms of 495 
exchange of live pigs occurs, this type of producers might constitute a risk for the 496 
commercial sector, which can not be ignored. Likewise similar interactions happened in 497 
England and in other European countries and might occur in other livestock sectors. This 498 
investigation fills gaps in knowledge which will allow industry stakeholders and policy makers 499 
(through risk analysis/transmission models) to adapt their current disease control 500 
programmes and contingency plans to the reality of small–scale pig-keeping enterprises’ 501 
health and biosecurity status.  Similar studies should be considered to assess the role of 502 
small-scale keepers in other livestock sectors, such as cattle, sheep and poultry. 503 
Awareness of the concept and importance of biosecurity in animal health management is 504 
typically associated with forward-thinking producers, for whom protection of the health status 505 
of their herd/flock is high on their list of priorities. In the commercial sector this is often driven 506 
by financial and/or regulatory considerations, as much as any desire to preserve animal 507 
health. The respondents to this survey have shown substantial variation in their approach to 508 
biosecurity: some appear to be quite proactive, others to be reasonably unconcerned.  Given 509 
the absence of those drivers that carry such weight in commercial production, it is possible 510 
that small-scale producers simply do not consider that biosecurity has much relevance to 511 
their situation. The risk to the national herd/flock from such an attitude arises on those 512 
occasions, albeit rare, when backyard and commercial production meet. Such instances 513 
could be the vulnerable point in disease management and control on a national level.  The 514 
results presented here demonstrate that there is work to be done in terms of knowledge 515 
transfer and exchange to small-scale keepers, to promote awareness of their position within 516 
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the livestock industry and its potential significance for animal health management. 517 
 518 
Conflict of interest 519 
The authors report no competing interest. 520 
 521 
Acknowledgments 522 
We are grateful to the producers who took time to participate in the questionnaire (by post or 523 
online), and to the following websites: www.accidentalsmallholder.net and 524 
www.fifesmallholder.co.uk, which hosted the link to the online questionnaire. We would like 525 
to acknowledge Manuel Sanchez-Vasquez, Ruth Olivia-Abascal, Catriona Webster and Jane 526 
Brennan for their contribution to this work. 527 
 528 
Funding sources 529 
This work was supported by Quality Meat Scotland (grant number P10-01) and by the 530 
Scottish Government (RERAD funded programme ―Food, Land and People - Programme 531 
2, Theme 6) 532 
 533 
References 534 
Alawneh, J.I., Barnes, T.S., Parke, C., Lapuz, E., David, E., Basinang, V., Baluyut, A., Villar, 535 
E., Lopez, E.L., Blackall, P.J., 2014. Description of the pig production systems, biosecurity 536 
practices and herd health providers in two provinces with high swine density in the 537 
Philippines. Preventive Veterinary Medicine, 114, 73-87. 538 
22 
 
Alexandersen, S., Kitching, R. P., Mansley, L. M., Donaldson, A.I., 2003. Clinical and 539 
laboratory investigations of five outbreaks of foot-and-mouth disease during the 2001 540 
epidemic in the United Kingdom. Veterinary Record, 152, 489-496. 541 
Alexandrov, T., Kamenov, P., Depner, K., 2011. Surveillance and control of classical swine 542 
fever in Bulgaria, a country with a high proportion of non-professional pig holdings. 543 
Épidémiologie et Santé Animale 59–60,140–142. 544 
Anonymous, 2013. The Animal By-Products (Enforcement) (Scotland) Regulations, 2013 No. 545 
307. Scottish Statutory Instruments. Available at: 546 
http://www.legislation.gov.uk/ssi/2013/307/pdfs/ssi_20130307_en.pdf 547 
Bailey, S.S., Crawshaw, T.R., Smith, N.H., Palgrave, C.J., 2013. Mycobacterium bovis 548 
infection in domestic pigs in Great Britain. The Veterinary Journal, 198, 391-397. 549 
Campbell, S. and Hartley, G., 2010. Wild boar distribution in Scotland. Poster presentation 550 
in: 8th International Symposium on Wild Boar and Other Suids, 1-4 September 2010, York, 551 
UK. Available at: http://www.sasa.gov.uk/content/wild-boar-distribution-scotland 552 
Costard, S., Porphyre, V., Messad, S., Rakotondrahanta, S., Vidon, H., Roger, F., Pfeiffer, 553 
D.U., 2009. Multivariate analysis of management and biosecurity practices in smallholder pig 554 
farms in Madagascar. Preventive Veterinary Medicine, 92, 199-209. 555 
DEFRA, 2016. Key Crop Areas and Livestock Numbers UK and Country Level Data 1866-556 
2015. Available at: https://www.gov.uk/government/statistical-data-sets/structure-of-the-557 
agricultural-industry-in-england-and-the-uk-at-june 558 
Food and Agriculture Organization (FAO) Animal Production and Health, 2010. Good 559 
biosecurity practices for the pig sector: issues and options in developing and transition 560 
countries. http://www.fao.org/docrep/012/i1435e/i1435e00.pdf (accessed 10.11.2016). 561 
Food and Agriculture Organization (FAO), 2013. African swine fever in the Russian 562 
Federation: risk factors for Europe and beyond. EMPRES WATCH, Vol. 28, May 2013. 563 
Rome. 564 
Gillespie, A.V., Grove-White, D.H., Williams, H.J., 2015. Husbandry, health and biosecurity 565 
of the smallholder and pet pig population in England. Veterinary Record, 177 (2):47. 566 
23 
 
Gogin, A., Gerasimov, V., Malogolovkin, A., Kolbasov, D., 2013. African swine fever in the 567 
north Caucasus region and the Russina federation in years 2007-2012. Virus Research, 173, 568 
198-203. 569 
Guinat, C., Relun, A., Wall, B., Morris, A., Dixon, L., Pfeiffer, D.U., 2016. Exploring pig trade 570 
patterns to inform the design of risk-based disease surveillance and control strategies. 571 
Scientific Reports, 6, 28429, doi:10.1038/srep28429 572 
Gunn, G.J., Heffernan, C., Hall, M., McLeod, A., Hovi, M., 2008. Measuring and comparing 573 
constraints to improved biosecurity amongst GB farmers, veterinarians and auxiliary 574 
industries. Preventive Veterinary Medicine, 84, 310-323. 575 
Laanen, M., Persoons, D., Ribbens, S., de Jong, E., Callens, B., Strubble, M., Maes, D., 576 
Dewulf, J., 2013. Relationship between biosecurity and production/antimicrobial treatment 577 
characteristics in pig herds. The Veterinary Journal, 198, 508-512. 578 
Lambert, M-E.,Poljack, Z., Arsenault, J., D’Allaire, S., 2012. Epidemiologic investigations in 579 
regard to porcine reproductive and respiratory syndrome (PRRS) in Quebec, Canada. Part 580 
1: Biosecurity practices and their geographical distribution in two areas of different swine 581 
density. Preventive Veterinary Medicine, 104, 74-83. 582 
Limon, G., Lewis, E.G., Chang, Y-M., Ruiz, H., Balanza, M.E., Guitian, J., 2014. Using mixed 583 
methods to investigate factors influencing reporting of livestock diseases: A case study 584 
among smallholders in Bolivia. Preventive Veterinary Medicine 113, 185-196. 585 
Nigsch, A., Costard, S., Jones, B.A., Pfeiffer, D.U., Wierland, B., 2013. Stochastic spatio-586 
temporal modelling of African swine fever spread in the European Union during the high risk 587 
period. Preventive Veterinary Medicine 108, 262-275. 588 
Porphyre, T, Boden, L. A., Correia-Gomes, C., Auty, H. K., Gunn, G. J., Woolhouse, M. E.J., 589 
2014. How commercial and non-commercial swine producers move pigs in Scotland: a 590 
detailed descriptive analysis. BMC Veterinary Research, 10:140, 591 
http://www.biomedcentral.com/1746-6148/10/140. 592 
Relun, A., Grosbois, V., Sánchez-Vizcaíno, J.M., Alexandrov, T., Feliziani, F., Waret-Szkuta, 593 
A., Molia, S., Etter, E.M.C., Martinez-López, B.M., 2016. Spatial and functional organization 594 
24 
 
of pig trade in different European production systems: implications for disease prevention 595 
and control. Frontiers in Veterinary Science, 3:4, doi: 10.3389/fvets.2016.00004  596 
RESAS, 2016. Economic Report on Scottish Agriculture 2016th edition. Available at: 597 
http://www.gov.scot/Publications/2016/06/5559 598 
Ribbens, S., Dewulf, J., Koen, F., Mintiens, K., De Sadeleer, L., de Kruif, A., Maes, D., 2008. 599 
A survey on biosecurity and management practices in Belgian pig herds. Preventive 600 
Veterinary Medicine, 83, 228-241. 601 
Roessler, R., Herold, P., Willam, A., Piepho, H.-P., Thuy, L.T., Valle Zárate, A., 2009. 602 
Modelling of a recording scheme for market-oriented smallholder pig producers in Northwest 603 
Vietnam. Livestock Science, 123, 241-248. 604 
Schembri, N., Hernandez-Jover, M., Toribio, J-A.I.M.L., Holyoake, P.K., 2015. On-farm 605 
characteristics and biosecurity protocols for small-scale swine producers in eastern 606 
Australia. Preventive Veterinary Medicine 118, 104-116. 607 
Thrusfield, M., 2005. Chapter 11: Data collection and management. In: Veterinary 608 
Epidemiology, Blackwell Publishing, 3rd Edition, Oxford.  609 
Tornimbene, B., Chim, V., Sorn, S., Drew, T.W., Guitian, J., 2014. Knowledge, attitudes and 610 
practices of Cambodian swine producers in relation to porcine reproductive and respiratory 611 
syndrome (PRRS). Preventive Veterinary Medicine, Vol 116, Issue 3, pp 252-267. 612 
 613 
 614 
 615 
 616 
Tables 617 
Table 1: List of the questions included in the questionnaire and the item non-response rate 618 
per question 619 
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Question % Non 
respondents 
(n=135 
respondents) 
1. Postcode and CPH (open) 3.0 (without 
full or partial 
postcode) 
46.7 (without 
full or partial 
CPH) 
2. Location where pigs were kept (closed) 0.0 
3. If pigs were kept in the same place where people live (closed) 
If not how far (open) 
0.0 
4. How long kept pigs (open) 5.9 
5. Motivation for keeping pigs (as many as apply) 0.0 
6. Classification of knowledge for pig health, nutrition, legislation and biosecurity 
(each required an answer) 
0.7 
7. Breed of the pigs (as many as apply) 0.0 
8. Description of the pig-keeping activities (as many as apply) 0.0 
9. Number of adult pigs, young pigs and finishing pigs on June 2013 (open) 5.9 - 10.4 
10. If pigs were raised all of the year or part of the year (closed) 8.9 
11. Number of finished pigs in 2012 (open) 17.8 
12. Source of pigs (young pigs, gilts/sows, boars, semen) (each required an answer) 0.0 
13. People involved in working in the pig enterprise (time spent) (open) 0.0 8.1 
14. How many livestock was keep in addition to pigs (each required an answer) 2.2 - 3.0 
15. If they felt part of the British industry (close) and reasons (open) 3.0 (48.1% 
gave no 
reason) 
16. If they ever sell their pigs (closed) 3.7 
17. How they sell their pigs (as many as apply) 3.7 
18. If they encounter problems selling their pigs (closed) if so why (open) 3.0 
19. If they ever transport their pigs (closed) if yes why (open) 3.0 
20. What is the furthest and common distance for the transport (open) 3.0 - 8.9 
21. How the pigs were transported (as many as apply) 3.0 
22. How the pigs were identified before travelling (as many as apply) 3.7 
23. Pig’s access to outdoor areas for each pig category (closed) 3.7 - 5.9 
24. Bedding material for each pig category (closed) 3.7 - 5.9 
25. Type of feed given to the pigs (each required an answer) 4.4 - 12.6 
26. Feed source (each required an answer) 4.4 - 11.9 
27. Source of drinking water (semi-closed) 3.7 
28. How pig waste was managed (open) 8.1 
29. First port of call about pig health (as many as apply) 3.7 
30. Frequency of syndromic problems in pigs (each required an answer) 3.0 - 3.7 
31. How often did the vet look at the pigs (closed) 3.0 
32. Routine pig husbandry – vaccination, deworming, treatment for mange (each 
required an answer)  
3.0 - 4.4 
33. How dead pigs were dispose of (open) 8.1 
34. Biosecurity approaches taken 3.7 - 4.4 
35. If other animals were seen in the pig areas (each required an answer) 3.7 - 5.2 
36. If wild boar or feral pigs were seen near the farm (closed) 3.7 
37. If the producer was aware of any wild boar or feral pig populations in the area 
(closed) 
3.7 
 620 
Table 2: Percentage of respondents having different categories of pigs and the size of their 621 
enterprises  622 
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Number of pigs Number 
On June 1st 
2013 
Category of pigs % having 
Min 1st Q. Med Mean 3rd Q. Max 
 Adult 52.4 1 2 2 3.5 5 15 
 Young 17.4 1 4 7 8.9 14 21 
 Finishing 39.4 1 3 4.5 7 7 23 
Finished pigs in 2012 77.5 1 2 4 9.7 12 80 
 623 
Table 3: Percentage of respondents having other livestock and the size of their enterprises  624 
If other livestock is also kept in addition to pigs Number 
Livestock species % keeping Min 1st Q. Med Mean 3rdQ. Max 
Cattle 36.6 1 4 22.5 64.7 80 450 
Sheep 56.1 1 15 40 172.5 107.5 3000 
Goats 16.7 1 4 5.5 8.3 8 60 
Poultry 73.5 1 10 20 41.1 40 500 
Horses 31.8 1 2 2.5 5.7 5.7 60 
Other (e.g. deer, llamas, bees) 10.6  
 625 
Table 4: Biosecurity measures taken by the respondents 626 
Biosecurity measures 
Always/Mostly 
(%) 
Sometimes/Never 
(%) 
No 
response 
(%) 
New stock is isolated 38.0 58.9 3.1 
Visitor access to pigs is restricted 38.5 61.5 0 
Cleaning and disinfection of vehicles  
before entry to the premises  
26.3 72.1 1.6 
Vehicles used to transport pigs are 
cleaned and disinfected after 
movement 
75.9 21.7 2.3 
Clothes and footwear disinfected after 
visiting other farms/areas with animal 
36.4 63.6 0 
Boot dips/baths at entry to animal 
areas 
13.9 84.5 1.6 
Disinfect between batches of pigs 
using same accommodation 
48.5 45.4 6.1 
Treat feed before feeding to pigs 5.4 93.0 1.6 
Double-fence farm boundaries 26.9 72.3 0.8 
Control rodents 71.5 28.5 0 
Control insects 24.6 75.4 0 
Take measures to stop wildlife 
accessing pigs or pig pens 
30.2 69.8 0 
Take measures to stop wildlife 
accessing feed or waste areas 
52.3 47.7 0 
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Prevent contact between pigs and 
other animals on the premises 
52.7 47.3 0 
Prevent contact between pigs and 
animals on other premises 
57.4 41.9 0.7 
 627 
Figure captions 628 
Figure 1: Respondents’ motivation for keeping pigs (percentage of responses per reason). 629 
Figure 2: Frequency of sightings by respondents of other domestic and wild animals in or 630 
near their pigs’ environment. 631 
